The nucleotide sequence of the gene encoding the matrix (M) protein of the Beaudette C strain of Newcastle disease virus (NDV) has been determined from overlapping cDNA clones. Control sequences typical of paramyxovirus mRNA start and polyadenylation signals have been identified. Assuming that the M gene starts and finishes at these sequences, the M gene is 1241 nucleotides long and encodes one long open reading frame of 364 amino acids, corresponding to a polypeptide of molecular weight 39605, in good agreement with estimates from SDS gels. The M protein has an amino acid sequence that is both hydrophobic and highly basic. The NDV M protein ha3 sequence homologies to the M proteins of Sendai, measles, canine distemper and respiratory syncytial viruses.
INTRODUCTION
NDV i3 a paramyxovirus and causes the disease fowl pest in poultry. The severity of the disease varies from asymptomatic to nearly 1001 mortality in an infected flock, depending on the virulence of the virus present (1) . The genome of NDV is a single strand of RNA of negative polarity of approximately 15000 bases (2) , bound to protein in a viral nucleocapsid of helical symmetry. The nucleocapsid is contained within a lipid envelope derived from host cell plasma membranes, on the outer surface of which are the two viral glycoproteins. These are the haemagglutinin-neuraminidase (HN) which is involved in virus binding to host cells (3) and the fusion protein (F) involved in virus fusion with and penetration through host cell membranes (4). We have described the cloning of cDNA to the NDV genome (5) and determined the nucleotide sequences of the gene3 encoding the NDV HN and F glycoproteins (6, 7) . Here we describe the nucleotide and deduced amino acid sequence of the M gene and protein. The M protein forms a shell on the inner surface of the viral envelope (8) , and is thus the third NDV envelope protein.
The M proteins of paramyxoviruses, of which Sendai vims and NDV are the best studied examples, are thought to play a central role In viral assembly (9) . The purified M protein of Sendai virus can self-assemble into ordered structures in the presence of low concentrations of salt (10) and may form pseudo-crystalline arrays on the inner side of the plasma membrane which associate with the transmembrane viral glycoproteins and the nucleocapsid during virus budding (11) . The association between the M protein of Sendai virus and nucleocapsids may become less tight after prolonged incubation of virions (12) . The M proteins of NDV and Sendai virus are attached to membranes in a peripheral manner (13 -15) . Nucleotide and deduced amino acid sequences of the M genes and proteins of Sendai, measles and canine distemper viruses revealed that M protein is rather basic (16, 17) . When NDV is disrupted with nonionic detergent, M protein may cofractionate either with viral nucleocapsids or glycoproteins in the absence or presence of high salt respectively (18) . This may indicate that although detergent is necessary to solubilize M protein, ionic interactions that bind M protein to nucleocapsids are only disrupted in the presence of high salt. The M protein of Sendai virus may regulate viral transcription (19) and M proteins of NDV and Sendai virus may be phosphorylated (20 -22) . In many of these properties the paramyxovirus M proteins resemble those of rhabdoviruses and influenza viruses (8) . Determination of the nucleotide and deduced amino acid sequence of the M gene and protein of NDV is necessary for a greater understanding of the structure and functions of this protein.
MATERIALS AND METHODS
Details of the construction and characterization of cDNA clones to the M gene of NDV strain Beaudette C have been reported previously (5) . Plasmids designated 3.48 (P -M), 2.03 (M), 3.93 (M) and 3.99 (M -F) were used to determine the sequence of the NDV M gene. The strategy previously used to determine the sequences of the NDV HN and F genes (6, 7) , by 'force-cloning' restriction fragments into M13 and dideoxy chain-termination sequencing, was complemented by the use of synthetic oligonucleotide sequencing primers made either on a Pharmacia 'Gene Assembler' or an Applied Biosystems model 381A DNA synthesizer.
Nucleotide and amino acid sequences were analyzed with the computer programmes of Staden (23 -25) and Queen and Korn (26) .
RESULTS
The nucleotide sequence of the NDV M gene is shown in Fig. 1 The NDV H protein contains 141 basic and 8} acidic amino acids, and is thus highly basic. The unmodified M protein would have a net charge of +19.5 at pH 7.0, assuming a charge of +0.5 on histidine residues. This is similar suggests that, although the M protein has a hydrophobic character, there are no sections of the sequence of sufficient length and hydrophobicity to be transmembrane peptides (3D. This is consistent with the known peripheral attachment of the NDV M protein to the viral membrane (13) . Thus, the predicted highly basic, hydrophobic but not membrane spanning properties of the NDV M protein deduced from the cDNA sequence are consistent with nucleotide sequence and experimental data on NDV and other paramyxovirus M proteins (13 -17) . The NDV M amino acid sequence is compared to those from Sendai virus (16), measles virus (17) and human respiratory syncytial virus (RSV) (32) by the use of the DIAGON dot-matrix homology programme (24) in Fig. 4 As the RSV M protein is considerably shorter (256 amino acids) than that of NDV (364 amino acids), the hanology i3 rather surprising. The region of homology detected spans about 70 amino acids starting 120 or 150 residues from the N-termini of NDV or RSV respectively. Homologies of Sendai or measles virus M to RSV M were much weaker than that found for NDV (not 3hown). When the H sequences of Sendai and measles viruses are compared, homology is detected over most of the one additional gap, of two amino acids at NDV position 243-214, was introduced into the Sendai and measles virus sequences to give the alignment shown in Fig. 5 . The M amino acid sequence from canine distemper virus gives very similar results to that from measles virus (not shown). The overall levels of amino acid identities between NDV and either Sendai or measles virus M proteins 13 17%, but a region of slightly better identity is found between NDV (residues 90-190) and the other sequences. In this region, the identity to Sendai virus is 25J, and to measles virus 23J. No conserved peptides longer than three residues have been found between NDV and either of the other paramyxovirus M proteins.
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DISCUSSION
The levels of amino acid identities between NDV and Sendai virus F and HN glycoproteins are 251 and 23% respectively, and there are conserved peptides of up to six residues in both HN and F, whereas the level of amino acid identities between the corresponding M proteins i3 only 17% and the longest conserved peptide between the M proteins is of three amino acids. This suggests that the functions of the M proteins of these viruses may be mediated by the overall hydrophobic but also basic character of the protein, rather than by particular conserved peptides. This notion is supported by the similarity between the hydropathy plots of the NDV and Sendai virus M amino acid sequences after the nonhomologous N-terminal 100 amino acids (data not shown).
The level of amino acid identities between the NDV and Sendai virus M proteins (17%) is much lower than that between measles and Sendai virus M proteins (35J), despite the classification of NDV and Sendai virus in the same genus (paraniyxovtrus), and that of measles virus in a different genus (morbilli virus) of the family Paramyxoviridae (3). RSV belongs to the third genus (pnt»unnviru3) of the family Paramvxovlrldae. The homology detected between the M proteins of NDV and RSV was unexpected, as no homology has been described between the M proteins of Sendai or measles viruses and RSV (16, 17, 32) . When sequence data is available from more of the genes of the respective viruses, it may become necessary to reconsider the classification of the Paramyxoviridae.
Bellini ££a_l,. (17) have proposed that a conserved region near the Ctermini of the M proteins of measles, canine distemper and Sendai viruses forms a specific fold which interacts with the membrane. The fold consists of a central hydrophobic peptide that forms a two-stranded antiparallel £-sheet bounded by two q-helices. This region of Sendai and measles virus M proteins corresponds to residues 256-300 of the NDV M protein. A secondary structure prediction by the method of Gamier £fc al. (35) [not shown] suggests the presence of exactly the same structural features in the analagou3 region of the NDV M protein despite considerable variation in sequence from those of Sendai and measles viruses. The hydrophobic segment of this region is conserved in the NDV M protein (residues 266-280), although the NDV sequence contains an aspartate residue at position 272. The glycine doublet that may form the turn in the £-sheet structure proposed for Sendai and measles viruses is replaced by leucine-glycine in NDV (positions 27t-275). NDV glycine 275 i3, however, followed by proline 276, and is predicted to form a turn in the £-sheet secondary structure in this region of the NDV M protein, as proposed for Sendai and measles virus M proteins (17) . The regions flanking this putative two-stranded p-sheet in NDV are predicted as oj-helical. The two conserved cysteine residues found in measles and Sendai viruses are located at either end of this region, but only one is conserved in NDV (position 301). At residue 257 in NDV, there is a leucine rather than the cysteine found in measles or Sendai viruses. It is assumed that the predominant interaction between M protein and membranes is between hydrophobic regions of M protein and the hydrocarbon portions of membrane lipids, as suggested for M protein of influenza virus (36) . When the paramyxovirus M protein interacts with membranes, it alters the membrane fluidity (37) , possibly because the strong positive charge on M interacts with the negatively charged head groups on phospholipids, and thereby reduce lipid mobility [as suggested for M protein of the rhabdovirus vesicular stomatitis virus (38) ]. It is possible that an alteration in membrane fluidity caused by the formation of pseudo-crystalline arrays of M protein on the inner surface of the plasma membrane in virus-infected cells (11) may select the viral glyeoproteins for inclusion in the budding virion.
The M protein is also thought to bind the viral nucleocapsids during assembly of progeny virions in paramyxovirus-infected cell3 (9, 11). The major structural nucleocapsid proteins of paramyxoviruses have acidic properties overall (39), yet presumably the regions which interact with the sugar-phosphate backbone of nucleic acids are basic. This suggests that the remainder of the surface of the nucleocapsid proteins may have a pronounced negative charge. The net positive charge on the M protein may enable it to bind the viral nucleocapsid protein subunits during virus assembly. The M protein of measles virus 13 also known to form a 3trong association with actin (39), the major cytoskeletal component found in many enveloped viruses (40) . Since actin also has an overall negative charge, this association may be partly due to the positive charge on M. It has been suggested that the presence of actin in enveloped viruses reflects a role of the cytoskeleton in viral assembly (41, 42) .
The first 10 bases of the 11 base presumed M mRNA start region (Fig 1) show homology to those identified at the starts of other NDV genes (Fig. 2) , and are also repeated within the 5' non-coding region of the NDV HN gene (nucleotides 215-224, Fig. 1, ref. 6 ). The presence of such a sequence in the HN gene may affect transcription in some way. An inverted repeat of 12 bases is found at positions 382-393 and 737-718 in the M nucleotide sequence (Fig. 1) . This inverted repeat is entirely within the mRNA for the M protein, and could form a base-paired stem/loop which conceivably could be important in the secondary structure of the M mRNA.
He thank Kate Brown for technical assistance and the North of England Cancer Research Campaign for financial support.
